Background: Isoflavones are estrogen-like plant compounds that may protect against cardiovascular disease and endocrineresponsive cancer. Isoflavones may, because of their ability to act as selective estrogen receptor modulators, alter insulin-like growth factor (IGF) status. Objective: The aim of this study was to assess the effect of 1-month isoflavone supplementation (86 mg/day red clover-derived isoflavones) on IGF status. Design and subjects: Healthy pre-(n ¼ 16) and postmenopausal (n ¼ 7) women were invited to take part in a randomised, placebo-controlled crossover study with a minimum 2-month washout period. Results: For premenopausal subjects, the change in IGF-1, IGF-BP1 and IGF-BP3 assessed at different points of the menstrual cycle did not differ between isoflavone and placebo phase. However, the change in IGF-1, when examined pre-and postsupplementation, was nonsignificantly reduced (P ¼ 0.06) on the isoflavone supplement compared to placebo. For postmenopausal subjects, the change in IGF-1, IGF-BP1 and IGFBP-3 concentrations over the supplementation period did not differ between isoflavone or placebo phase. Isoflavones increased HDL in postmenopausal women compared to placebo (P ¼ 0.02) but did not alter either cholesterol or triacylglycerol concentrations, and had no effect on antioxidant status. Conclusions: This study shows that 1-month supplementation with red clover isoflavones has a positive effect on HDL cholesterol, but at most a small effect on IGF status in premenopausal and no effect in postmenopausal subjects. Further studies are required to ascertain the role these dietary compounds may have to play in breast cancer prevention. Sponsorhip: The isoflavone and placebo supplements were kindly supplied by Novogen (North Ryde, Sydney, Australia). This study was supported by Action Against Breast Cancer registered charity number 1020967.
Introduction
High concentrations of insulin-like growth factor-1 (IGF-1) in serum are associated with an increased risk of premenopausal breast cancer (RR 7.28) (Hankinson et al, 1998) . Tamoxifen has been shown to lower IGF-1 concentrations in breast cancer patients by up to 30% (Pollak et al, 1990; Campbell et al, 2001) . Isoflavones are a class of phytoestrogens that may have a variety of potential health benefits in endocrine-responsive cancers and cardiovascular disease (Bingham et al, 1998; This et al, 2001) . They are obtained in the diet predominantly from soy products (Bingham et al, 1998) . Isoflavones are structurally similar to selective estrogen receptor modulators, for example, Tamoxifen. They may therefore be able to alter concentrations of IGF-1 and its binding proteins.
The aim of this study was to determine whether 1 month of isoflavone supplementation using red clover-derived isoflavones could alter serum concentrations of IGF-1 and its related binding proteins. The effect of menstrual cycle on IGF profile was accounted for in the study design. We also assessed whether the isoflavone supplement produces an alteration in lipid or antioxidant status as effects on these parameters have been demonstrated in some studies (Knight et al, 1999; Samman et al, 1999; Merz-Demlow et al, 2000; Takatsuka et al, 2000) , but not in others (Nestel et al, 1999; Howes et al, 2000; Jenkins et al, 2000; Simons et al, 2000) . The inclusion of a food frequency questionnaire (FFQ) and a 7-day food diary completed in each phase allowed the assessment of normal nutritional intake.
Study design
Healthy female subjects between the ages of 25 and 65 y were recruited from staff and students within University College London and the general public (through poster and radio adverts). The following eligibility criteria were applied:
PremenopausalFnot on oral contraceptives, no antibiotics within the previous 4 months, a regular menstrual cycle of approximately 28 days.
PostmenopausalFnot on hormone replacement therapy, no antibiotics within the previous 4 months, and postoophorectomy or amenorrhoea for at least 12 months.
The study was of a randomised, double-blind, placebocontrolled crossover design (Figure 1 ). Pre-and postmenopausal subjects were randomised to receive either placebo or 86 mg of red clover isoflavones daily (Promensil, Novogen, Australia, purified isoflavone pills containing 43 mg of total isoflavones consisting of 25 mg biochanin, 8 mg formononetin, 4 mg genistein and 5 mg daidzein) for one menstrual cycle followed by a 2-month washout period and the alternative intervention. During the intervention phases, subjects were asked to maintain their normal diet and to avoid the use of soy-containing foods. The supplement was taken as two pills, once a day. To monitor compliance, subjects were asked to return any unused pills. At the end of each intervention phase, subjects were asked if they had experienced any ill effects and whether their menstrual cycle had altered in length.
Fasting blood samples were obtained from postmenopausal subjects at baseline and at 28 days in each phase of the study. Fasting blood samples were collected at baseline, days 1-3, days 6-8, days 12-15, days 21-23 and days 26-28 from premenopausal subjects to assess the effects of the menstrual cycle on the end points measured. For all subjects, a 24-h urine sample was collected at baseline and at 28 days in each phase. In addition, a fully validated FFQ (McKeown et al, 2001) was filled in by all subjects at the baseline stage of each phase and a 7-day food diary completed over the last 7 days of each phase. All biological samples were stored at À801C until analysis. The study was approved by the Royal Free and University College London Ethical Committee.
A variety of end point measures were assessed. Concentrations of IGF-1, IGF-BP1 and IGF-BP3 were measured in serum using ELISA methods (Diagnostic Systems Laboratories). Daidzein and genistein isoflavones and the isoflavone metabolite equol were assessed in urine at baseline (days 1-3 in premenopausal women) and at the end (days 26-28 in premenopausal women) of each supplementation period by GC-MS according to Morton et al (1994) . Urinary creatinine was assessed by a colorimetric kit (Sigma Diagnostics). Serum lipids were assessed, again at baseline and at the end of each Fasting blood [12] [13] [14] [15] Fasting blood [21] [22] [23] Fasting blood
Fasting blood 24 h urine [26] [27] [28] Fasting blood 24 h urine supplementation phase, using standard spectrophotometric assays. Antioxidant status was assessed by the measurement of vitamin E (Craft et al, 1992) , malondialdehyde (Young & Trimble, 1991) and vitamin C (Vuillemier & Keck, 1989) . Fully validated EPIC FFQs and 7-day food diaries (McKeown et al, 2001) were analysed using DietPlan 5 for Windows 98.
Statistical analyses
The intervention was double-blinded and was not unblinded until all analyses, including statistical analyses, had been completed. Pre-and postmenopausal women were considered separately in the analyses. Changes from baseline were compared between treatment groups using a paired samples t-test (for two time-point comparisons) or repeated measures ANOVA (for multiple time-point comparisons). The association of continuous variables was assessed using Pearson correlation coefficients. Subjects with urinary equol concentrations post-isoflavone supplement of 41 mg/ml (Lampe et al) were defined as good equol excretors. For the premenopausal treatment subjects, at the 5% level of significance, the study had 80% power to detect as statistically significant a 35% difference in change in IGF-1 between the treatment groups over the supplementation period.
Results
A total of 16 pre-and seven postmenopausal subjects completed both phases of the study. Mean (s.d.) age was 34 (9) y in premenopausal and 57 (6) 704.8 (282.3, 2019.6) ; (mmol/mol creatinine). The change in concentration of genistein, daidzein and equol over the supplementation period was significantly larger during the supplement phase compared to placebo in both pre-and postmenopausal subjects. As defined above, 23% of premenopausal subjects were equol excretors compared to 20% of postmenopausal subjects.
For premenopausal subjects, while there was an effect of time on IGF-1, IGF-BP1 and IGF-BP3 confirming that the IGF profile is influenced by menstrual cycle, this did not differ between placebo and isoflavone supplement (Table 1a) . When the change in IGF-1 over the whole supplementation period was compared between the isoflavone and placebo phases, there was a nonsignificant reduction in change in IGF-1 (P ¼ 0.06) on isoflavone supplement compared to placebo. However, this may be because of the nonsignificantly higher baseline concentrations of IGF-1 during the isoflavone phase. In postmenopausal subjects, there was no effect of isoflavone supplementation in comparison with placebo on IGF-1, IGF-BP1 or IGF-BP3 (Table 1b) . Equol excretion (in mg/day) was associated with IGF-BP3 concentrations in postmenopausal women both at the end of the placebo phase (r ¼ 0.895, P ¼ 0.04) and supplement phase (r ¼ 0.984, P ¼ 0.002).
Total cholesterol and triacylglycerol were not affected by the supplement in either pre-or postmenopausal women. However, HDL-cholesterol concentrations were significantly elevated by isoflavone supplementation in the postmenopausal subjects (Tables 2a and b ). There were no significant differences in any of the antioxidant end points assessed in either pre-or postmenopausal women (Table 2a and b).
When nutrient intake was assessed by an FFQ or a 7-day food diary, there was no significant difference in energy, carbohydrate, fat, SFA, PUFA, MUFA, cholesterol, fibre, vitamin E or carotene intake between placebo or supplement phase, whether assessed by an FFQ or a food diary in pre or postmenopausal subjects. For protein and vitamin C intake, there was no significant difference between phases when assessed by an FFQ. However, when assessed by a food diary, protein intake (in grams) was lower during the supplement phase than the placebo phase in premenopausal women (77 (78) vs 69 (19) g; placebo vs supplement, mean (s.d.) Po0.05), while vitamin C intake was lower during the supplement phase than the placebo phase in postmenopau- 
Discussion
Red clover isoflavone supplementation had no effect on IGF-1, IGF-BP1 or IGF-BP3 in postmenopausal women. In premenopausal women, isoflavone supplementation had no effect when multiple time points over the menstrual cycle were considered, although there seemed to be a slight protective effect of isoflavone supplementation when the analysis was carried out simply before and after the supplementation period. This is likely to be due, however, to the large difference in IGF-I levels at baseline and cannot be attributed to the isoflavone supplement. The effect of isoflavone supplementation on IGF status would therefore appear to be relatively weak. The clinical relevance of this small change may, in fact, be negligible. Our numbers were small, and the variance observed in IGF-1 and its binding proteins was high, so the area clearly required further study. IGF appears to be influenced by the stage of the menstrual cycle (Juul et al, 1997; Helle et al, 1998; Wangen et al, 2000) . We observed a significantly higher concentration of IGF-1 and IGF-BP3 in premenopausal subjects on placebo in the luteal phase (days 21-23) compared to the menstrual phase (days 1-3). These results indicate that controlling closely for menstrual cycle phase may be necessary to observe IGF changes of small magnitude.
This study has used a red clover-derived isoflavone supplement over a relatively short time period (1 month). There is a possibility that a regular soy diet may have different effects on IGF-1 than this short-term supplement.
Four other studies have examined the effect of soy on IGF status (unpublished observations, Wangen et al, 2000; Aukema and Housini, 2001; Woodside & Campbell, 2001; Khalil et al, 2002) . In a rat model of polycystic kidney disease, soy protein feeding resulted in reduced IGF-1 in both normal and affected male animals (Aukema & Housini, 2001) . In a 1-week human supplementation study using a soy, rye and linseed bar, both IGF-1 and IGF-BP3 were significantly elevated after intervention with the bar (unpublished observations, Woodside & Campbell, 2001) , although this may have been because of increased kilocalorie and protein intake (Clemmons & Underwood, 1991) . However, in a soy protein supplementation study in men, with a milk protein control, serum IGF-1 was higher in those supplemented with soy protein than those consuming milk protein (Khalil et al, 2000) , suggesting that soy protein had an effect on IGF-1 independent of its protein content. By contrast, in a 3-month study looking at markers of bone turnover , in premenopausal women, IGF-1 and IGF-BP3 were increased by a low isoflavone diet, while in postmenopausal women, there were trends towards decreased IGF-1 and IGF-BP3 concentrations with increasing isoflavone concentration. The authors concluded that, although soy isoflavones do affect markers of bone turnover, the changes observed were of small magnitude and were not likely to be clinically relevant.
We have shown an effect of isoflavone supplementation within 1 month on HDL-cholesterol in postmenopausal women. Again, numbers were small, and the difference between placebo and isoflavone phase only reached significance at the 5% level in postmenopausal women, so the area clearly requires further study. Several studies have provided evidence that phytoestrogens in general can modulate plasma lipid and lipoprotein concentrations, but the data are not entirely consistent (Anderson et al, 1995) . A recent overview concluded that soy could improve blood lipid parameters in both normocholesterolaemic and hypercholesterolaemic subjects, although the use of soy alone may not allow patients with hyperlipidaemia to achieve target lipid parameters (Costa & Summa, 2000) . Soy, with which most of the studies have been carried out, has a variety of properties unrelated to isoflavone content that may contribute to its lipid-modulating properties (Potter, 1995) . Our postmenopausal subjects had normal lipid levels, but displayed an increase in HDL-cholesterol during the isoflavone supplementation phase. This may be pertinent in light of the fact that, although one recent short-term study using the same purified red clover isoflavone pills found no effect on plasma lipid and lipoprotein concentrations (Nestel et al, 1999) , other longer term studies using this supplement have demonstrated an effect of isoflavones on HDL 3 (Samman et al, 1999) in premenopausal women and total HDL (Knight et al, 1999; Clifton-Bligh et al, 2001 ) in menopausal and postmenopausal women. The apparent difference in these findings compared to those obtained with soy-derived isoflavones could be accounted for by the high levels of biochanin and formononetin in red clover isoflavone extracts.
Isoflavones can act as antioxidants (Bingham et al, 1998) , both in in vitro test systems (Kapiotis et al, 1997; Lissin & Cooke, 2000) and in vivo (Tikkanen et al, 1998; Jenkins et al, 2000; Wiseman et al, 2000) . However, the data are not entirely consistent, as other studies have not shown evidence of antioxidant effects in vivo (Hodgson et al, 1999; Samman et al, 1999; Hsu et al, 2001) . We found little effect of isoflavone supplementation on markers of antioxidant status. Our subjects were healthy and had normal antioxidant levels; it may be that isoflavones will exert marked antioxidant effects in vivo only in those with an already compromised antioxidant status.
Background diet did not seem to affect the findings of this study. Protein and vitamin C intakes differed significantly by phase in pre-and postmenopausal subjects, respectively, but only when assessed by food diary and not by FFQ. The magnitudes of the differences observed are unlikely to affect our conclusions.
Red clover-derived isoflavone supplementation over 1 month has no effect on IGF status in postmenopausal women, and at most has a small effect on IGF-1 in premenopausal women. Red clover isoflavones seem to increase HDL-cholesterol in postmenopausal women, but have little or no effect on other lipids or antioxidant status. It must be remembered, in the interpretation of these data, that the study was small and had low power to detect a difference between placebo and supplement, particularly when multiple comparisons were being carried out. Further work in larger numbers will determine whether these dietary compounds may play a role in endocrine-responsive cancer and CVD prevention.
